In 1988, a new vine decline of cucurbits was observed in Oklahoma. First observed in squash and pumpkin (Cucurbita pepo L.) (6) , the disease was not observed in other cucurbits until 1991, when it destroyed much of the early-planted watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai) and cantaloupe (Cucumis melo L.) in central Texas and Oklahoma (5, 7, 8) . Early-planted watermelon and cantaloupe can be severely affected by the disease, whereas crops planted after 15 June may have little or no incidence. This disease has never been observed in cucumber.
Symptoms of this disease, called yellow vine disease (YVD), normally appear 10 to 15 days prior to fruit maturity and are similar in cantaloupe, pumpkin, watermelon, and squash (5) (6) (7) (8) . Leaves change from green to lime-yellow, and then to bright yellow. Affected plants gradually decline and exhibit a blighted appearance within 7 to 10 days. In some cases, immature plants may not turn yellow, but wilt and collapse in 1 day. Fruit and flowers on affected plants are not distorted, but watermelon fruit lose their chlorophyll very quickly (5, 7, 8) . The distinguishing characteristic of YVD-affected plants is that the phloem, which normally has a clear or translucent appearance, becomes honey-colored, particularly in the crown area (5) (6) (7) (8) . Although foliar symptoms of YVD are similar to vine decline symptoms caused by soilborne pathogens (7), root degeneration occurs only in the later stages of YVD development (5, 6, 8) . Attempts to reproduce the disease with different preparations from infected plants or by grafting have been unsuccessful (5) .
Structures similar to the bacterium-like organisms (BLOs) found associated with citrus greening (17) , clover club leaf (32) , and several other diseases (11, 19, 24, 25, 29) , have been observed by electron microscopy in the phloem of YVD-affected plants (5, 7, 8) . Symptoms of YVD in cantaloupe, squash, and watermelon are similar to symptoms associated with BLOs in other plant hosts (14, 19, 25) . Although several plant diseases have been attributed to BLOs (14, 17, 19, 21, (24) (25) (26) 28) , relatively little is known about these organisms, except for the one associated with citrus greening (17, 18, 20) . A difficulty in the characterization of BLOs, particularly those that are phloem-limited, is the inability to culture these organisms (6, 8, 14, 19, 25) . Media for cultivation of the xylem-limited BLOs that cause dieback of chinaberry (28) and Pierce's disease of grape (12) do not support growth of the phloem-limited BLO that causes citrus greening (16) . Although electron microscopy has been used to detect BLOs in infected plants (5, 11, 13, 17, 25, 29) , this is an expensive and tedious diagnostic method. Serology has been used to detect different strains of the citrus-greening BLO (18) , but an antiserum that detects a range of BLOs has not been reported. Polymerase chain reaction (PCR) amplification of the 16S rDNA of the citrus-greening BLO (20) , and of the uncultured bacterium associated with papaya bunchy top (11) , have been used to characterize these agents. Specific primers for detection of the citrus-greening BLO in affected plants and in the insect vector were developed using the 16S rDNA sequence from that organism (20) .
To facilitate identification of YVD-affected plants, we have performed PCR using primers that amplify the 16S rDNA of citrus-PCR and primers that amplify prokaryotic DNA. Four different PCR protocols were developed. The conditions for each protocol were optimized to differentiate symptomatic from asymptomatic plants. Protocol I included primers complementary to specific sequences of the 16S rDNA of Indian citrus-greening BLO, strain Poona (forward primer: 5′GCGCGTATGCAATACGAGCGGCA3′, and reverse primer: 5′GCCTCGCGACTTCGCAACCCAT3′) (20) . The reaction was performed in a 100-µml mixture containing 2 µg of template DNA (treated with ribonuclease at 1 unit per µg of DNA for 30 min at 37°C, because RNA interfered with DNA amplification in this protocol), 2.5 units of Taq polymerase, 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 0.1% Triton-X 100, each of the four dNTPs at 200 µM, 2.5 mM MgCl 2 , and each of the primers at 1.0 µM. The DNA was amplified under the following conditions: 20 min at 92°C; 40 cycles of 60 s at 92°C, 45 s at 47°C, and 90 s at 72°C; and final elongation at 72°C for 15 min. Taq polymerase was added after the first denaturation. PCR products were analyzed by gel electrophoresis in 2% agarose. For sequencing, the amplified DNA was separated by electrophoresis in 2% Metaphor agarose. The bands were isolated from the gel, purified using Qiagen columns (Chatsworth, CA) and submitted to thermal cycle sequencing using a model 373 DNA sequencer (Perkin-Elmer Cetus, Applied Biosystems Division, Foster City, CA). Similar nucleotide sequences were identified by BLAST search (1) of nucleotide sequence databases.
PCR protocol II included primers known to amplify 1.5 kilobase (kb) 16S rDNA from both prokaryotes and chloroplasts (forward primer: 5′AGAGTTTGATCATGGCTCAG3′, and reverse primer: 5′AAGGAGGTGATCCAGCCGC3′) (20) . The PCR reaction mixture differed from that of protocol I by changing the DNA template to l µg, the MgCl 2 concentration to 2.0 mM, Taq polymerase to 2 units, and each of the four dNTPs to 100 µM. Bovine serum albumin (BSA) at 200 µg/ml and β-mercaptoethanol at 10 mM were added to the mixture. The DNA was amplified under the same conditions, except that the initial 92°C denaturation was for 10 min.
Digestion of DNA with BclI and EcoRI. The DNA amplified using protocol II was digested with Bcll and EcoRI to determine if the amplified DNA corresponded to the 16S rDNA of prokaryotes or chloroplasts. The chloroplast 16S rDNA has one or more restriction sites for BclI, while the prokaryotic 16S rDNA has none (27) . The latter also has a centrally located restriction site for EcoRI (27) absent from chloroplast 16S rDNA (pea, EMBL accession no. X55033). PCR products were digested for 12 h using 10 U of enzyme per 10 µl of PCR product, and analyzed in 1% Metaphor agarose. The BclI-resistant 1.5-kb bands were isolated from the agarose gel, purified, and sequenced as described previously using the primers of protocol II. Such bands were isolated from PCR products of 10 symptomatic watermelon samples digested with BclI, 2 asymptomatic watermelon samples digested with EcoRI, and 1 symptomatic watermelon sample subjected to digestion with EcoRI. The sequences were compared by aligning them with one another using AssemblyLIGN software (IBI, Kodak Co., New Haven, CT). Nearly identical sequences were identified as described above.
DNA from 20 symptomatic (15 watermelon and 5 squash) and 10 asymptomatic (8 watermelon and 2 squash) plants was digested with BclI for 2, 6, 8, and 12 h to determine whether coamplification of the chloroplast 16S rDNA could be avoided in protocol II. The PCR product from symptomatic plants obtained from the 12 h digested template was redigested with BclI and EcoRI to confirm the amplification of prokaryotic DNA. Digested products were analyzed by gel electrophoresis in 1% agarose.
Cloning the 1.5-kb band of the prokaryotic organism. PCR products were purified using Qiagen columns and ligated with plasmid pCRII (Invitrogen Corp., San Diego, CA) and the products used to transform competent cells of E. coli (XL-1 Blue) using the TA Cloning protocol (Invitrogen Corp.). Plasmids from transformants were purified using alkaline-lysis/polyethylene glycol (4). The purified plasmid DNA was analyzed by digestion with EcoRI to identify clones containing an insertion of the 1.5-kb fragment. Clones with inserts were sequenced in both directions as previously described using the primers listed in Table 1 . SP6 and T7 primers (Invitrogen Corp.) were used to sequence the ends of the inserts. Partial sequences were assembled using AssemblyLIGN software. The 16S rDNA clone sequences were compared with the partial sequences obtained from PCR products to determine their degree of similarity. The alignment was used for phylogenetic analysis and to determine specific sequences from which primers were designed for identification of plants affected by YVD.
Primer design and PCR protocol for detection of plants affected by YVD. Three primers, YV1, YV2, and YV3, were designed for amplification of the sequence represented by the cloned 16S rDNA using two different PCR protocols (III and IV). YV1 is a forward primer of 17 residues, corresponding to the sequence between positions 71 to 87, 5′GGGAGCTTGCTCCCCGG3′. YV2 is a reverse primer of 20 residues, corresponding to the sequence between positions 664 to 683, 5′CGCTACACCTGGAATTCTAC3′. YV3 is a reverse primer of 21 residues, corresponding to the sequence between positions 1,485 to 1,505, 5′GGTTACCTTGTT-ACGACTTCA3′. PCR protocol III included YV1 as the forward primer and YV2 as the reverse primer. The PCR parameters differed from protocol II in the amount of DNA template at 0.25 µg, Taq polymerase at 1 unit, MgCl 2 at 1.5 mM, and in the amplification program of 5 min at 92°C; 25 cycles of 92°C for 60 s, 60°C for 45 s, and 72°C for 90 s; and a final elongation of 15 min at 72°C. Taq polymerase was added at the beginning of the reaction. PCR protocol IV included YV1 as the forward primer and YV3 as the reverse primer. The PCR parameters differed from protocol II in the amount of DNA template at 2 µg, each of the dNTPs at 200 µM, and in the amplification program of 10 min at 92°C; 30 cycles of 92°C for 60 s, 60°C for 45 s, and 72°C for 90 s.
Phylogenetic characterization of the YVD BLO. RNA secondary structures were predicted using the FOLD application (Genetics Computer Group, Madison, WI). The sequence of the 1.5-kb band was used as a query in BLAST searches to identify closely related sequences, which were aligned using PILEUP software (Genetics Computer Group). The alignments from PILEUP were truncated to the length of the shortest sequence so that the final length of the sequences used for the analysis was 1.4 kb. Phylogenetic analysis by parsimony of 100 bootstrapped replicates utilized applications of the PHYLIP version 3.5 package (16) . MEGA (version 1.01; University of Pennsylvania, University Park, PA) was used to analyze the truncated sequences by neighbor joining using Jukes-Cantor distances. 
Fig. 2.
Restriction analysis of polymerase chain reaction (PCR) products from watermelon plants using primers that amplify 16S rDNA from both chloroplasts and prokaryotes (protocol II). A, Agarose gel electrophoresis of products that were not digested (lanes 5 and 6) or digested with BclI (lanes 3 and 4) or EcoRI (lanes 1 and 2). PCR templates were from symptomatic plants (lanes 1, 3, and 6) or from asymptomatic plants (lanes 2, 4, and 6). B, Restriction digest cartoon of the 16S rDNA from prokaryotes (Escherichia coli) and chloroplasts (pea). The 16S rDNA from prokaryotes has no restriction site for BclI. Predicted sizes are in kilobase. a Plants were collected from fields in Texas and Oklahoma and PCR was performed using primers known to amplify the 16S rDNA of the citrus-greening bacterium-like organism (protocol I). b Samples were considered YVD-symptomatic if the phloem was honey-brown in color when examined by light microscopy. c Samples were considered YVD-asymptomatic if the phloem was normal with translucent appearance when examined by light microscopy. d Samples were considered positive (+) by PCR if the 0.153-kb band was visible in the gel as shown in Figure 1 , and negative if the band was absent.
RESULTS
DNA amplification of YVD-symptomatic plants. The bacteria cultivated from symptomatic and asymptomatic plants were identified as species of: Klebsiella, Acinetobacter, Escherichia, Enterobacter, Pseudomonas, and Bacillus. Species from each of these genera were found in both symptomatic and asymptomatic plants. To avoid PCR amplification of DNA from species such as these, which were not specifically associated with disease, phloem tissue, shown by electron microscopy to harbor a disease-associated BLO (5), was prepared prior to extraction of DNA for use as PCR templates. Primers used to amplify a sequence of the 16S rDNA of the citrus-greening BLO (20) amplified DNAs (protocol I) from RNase-treated DNA extracted from symptomatic and asymptomatic plants ( Fig. 1 and Table 2 ). Sizes of fragments obtained from symptomatic and asymptomatic plants were similar, except for a 0.153-kb fragment that was consistently amplified in all (72 of 72) symptomatic plants, but not in 27 of 28 of asymptomatic plants ( Table 2) . A 0.15-kb fragment was also amplified from DNA of E. coli and Brucella abortus (data not shown). The nucleotide sequence of the YVD 0.153-kb fragment determined from the PCR product was unrelated to 16S rDNA, but was 84% identical to a portion of the E. coli ilvA gene encoding threonine deaminase. A 1.5-kb fragment was amplified by protocol II from DNA of both the symptomatic and asymptomatic watermelon and squash plants using primers known to amplify the 16S rDNA from prokaryotes and chloroplasts ( Fig. 2A, lanes 5 and 6) . Chloroplast 16S rDNA has one or more restriction sites for BclI, while the prokaryotic 16S rDNA has none (Fig. 2B) . Single EcoRI sites in these two rDNAs are located at different positions, such that EcoRI digestion of chloroplast DNA gives a 1.31-kb fragment plus a small remnant and EcoRI digestion of prokaryotic DNA gives 0.87-and 0.67-kb fragments (Fig. 2B) . The 1.5-kb fragment was also amplified from DNA extracted from 20 bacterial isolates cultivated from symptomatic and asymptomatic plants, as well as from S. citri and Pantoea ananatis, but was not amplified from DNA extracted from the selected soilborne fungi (Table 3) . Consistent with the presence of a prokaryotic rDNA in symptomatic plants, the BclI digestion of the PCR products yielded two fragments (1.5 and 1.2 kb) from symptomatic plants (Fig. 2A, lane 3) but only one fragment (1.2 kb) from asymptomatic plants (Fig. 2A, lane 4) . EcoRI digestion yielded three fragments (1.3, 0.9, and 0.7 kb) from the symptomatic plants (Fig. 2A, lane 1) , but the 1.5-kb fragment from asymptomatic plants was resistant to EcoRI treatment (Fig. 2A, lane 2) , again suggesting the presence of prokaryotic rDNA in symptomatic plants.
Prior BclI digestion of DNA templates from asymptomatic plants for 2, 4, and 8 h decreased amplification of the 1.5-kb fragment (Fig. 3, lanes 7, 8, 11 , 14, and 15), and digestion for 12 h abolished amplification of the fragment (Fig. 3, lanes 3 and 4) . However, prior BclI digestion of symptomatic plant DNA templates did not alter the DNA products (Fig. 3, lanes 1, 2, 5, 6 , 9, 10, 12, and 13). The 1.5-kb fragment from symptomatic plants (DNA template treated for 12 h) was cleaved into two fragments (0.7 and 0.9 kb) Escherichia coli
fastidiosa e nt f --DNA from citrus plant infected with citrusgreening BLO e nt --DNA from strawberry plant infected with marginal chlorosis of strawberry BLO nt --DNA from papaya plant infected with papaya bunchy top prokaryote e nt --a PCR using protocol II (PCR II) with universal primers for prokaryotic 16S rDNA was considered positive (+) if the 1.5-kb band was present and negative (-) if the band was absent, as indicated in Figure 2 , lanes 5 and 6. b PCR using protocol III (PCR III) with YV1-YV2 primers was considered positive (+) if the 0.643-kb band was present and negative (-) if the band was absent, as indicated in Figure 8 . c PCR using protocol IV (PCR IV) with YV1-YV3 primers was considered positive (+) if the 1.433-kb band was present and negative (-) if the band was absent, as indicated in Figure 9 . d Bacteria isolated from symptomatic and asymptomatic plants. e DNA from healthy plants were also PCR (-). f nt = not tested. Fig. 3 . Agarose gel electrophoresis of polymerase chain reaction (PCR) products using protocol II from symptomatic and asymptomatic plants obtained from a DNA template that was subjected to BclI digestion for different times before PCR. Lanes 1, 2, 5, 6, 9, 10, 12, and 13 are PCR products from DNA of symptomatic plants; lanes 3, 4, 7, 8, 11, 14, and 15 are PCR products from DNA of asymptomatic plants. Lanes 1, 2, 3, and 4 were digested for 12 h; lanes 5, 6, 7, and 8 were digested for 8 h; lanes 9, 10, and 11 were digested for 4 h; and lanes 12, 13, 14, and 15 were digested for 2 h. Lane 16 is a negative control with no DNA in the reaction and lane 17 contains molecular weight standards.
Fig. 4. Agarose gel electrophoresis of digested polymerase chain reaction (PCR)
products. The PCR products were digested with EcoRI (lanes 1, 2,3, and 4) , or with BclI (lanes 5, 6, 7, and 8), or not digested (lanes 9 and 10). DNA template had been (lanes 1, 2, 5, and 6) or had not been{lanes 3,4, 7, 8, and 9) digested with BclI prior to PCR. Protocol II PCR products from symptomatic plants (lanes 1, 2, 3, 5, 6 , 7, and 9) or from asymptomatic plants (lanes 4, 8, and 10 ).
by EcoRI (Fig. 4, lanes 1 and 2) , but the fragments were resistant to BclI treatment (Fig. 4, lanes 5 and 6) .
Nucleotide sequences from the ends of 1.5-kb fragments amplified from EcoRI-digested or BclI-digested DNA of asymptomatic plants and symptomatic plants were determined from the PCR products. The fragments from EcoRI-digested templates from two symptomatic and two asymptomatic plants were >99% identical to one another (data not shown). The sequences for BclI-digested fragments amplified from nine symptomatic plants were 99% identical to one another, but 67% different from 1.5-kb fragments amplified from partially BclI-digested DNA of asymptomatic plants (data not shown). The 1.5-kb fragment amplified from BclI-digested template from symptomatic plants was cloned and the insert completely sequenced (GenBank accession number U82807) (Fig. 5) .
Phylogenetic relationships of the YVD BLO. The secondary structure of the fragment consisting of nucleotides 119 to 260 from the 16S rDNA sequence of the YVD prokaryote was similar to that of 16S rDNA region of the gamma proteobacteria (Fig. 6) (30) . Signature sequences characteristic of gamma-3 proteobacteria (30) were present in the determined sequence, indicating that the 16S rDNA sequence is that of a gamma-3 proteobacterium (Table 4) .
A search of databanks for sequences closely related to the 16S rDNA sequence obtained from symptomatic plants indicated that the highest scoring matches were from gamma-3 proteobacteria. For phylogenetic analysis, 16 of the highest scoring sequences, with no more than one representative per genus, were chosen. The analysis indicated that the sequence from symptomatic plants was derived from the same sequence lineage as the 16S rDNA of Serratia marcescens (Fig. 7) . The divergence points of most of the other gamma-3 proteobacterial sequences from the hypothetical common gamma-3 ancestors could not be reliably distinguished from one another. The tree suggests that the organism whose 16S rDNA was amplified is clearly distinct from, and only distantly related to, the citrus-greening BLO, "Liberobacter sp." (an alpha proteobacterium).
Primers for detection of plants affected by YVD. Alignments of the 16S rDNA sequences from symptomatic plants, Serratia marcescens, and E. coli revealed few differences among these sequences (Fig. 5) . A region in which the plant and E. coli sequences differed was chosen for design of primer YV1 and a region in which the plant and Serratia marcescens sequences differed was the basis for design of primer YV3. PCR protocol III used YV1 and YV2 primers and amplified the expected 0.64-kb fragment from symptomatic plants ( Table 5 and Fig. 8 ), but no PCR products were produced from DNA from asymptomatic plants ( Table  5) ; bacteria cultivated from the symptomatic or asymptomatic tissue, E. coli, Pantoea ananatis, or S. citri; or selected soilborne fungal pathogens of cucurbits, healthy plants, or plants infected with the citrus-greening BLO, with the strawberry marginal chlorosis BLO, with the papaya bunchy top prokaryote, or with Xylella fastidiosa (Table 3) . A 0.64-kb fragment was also amplified when DNA from Serratia marcescens was used as template (Table 3) . PCR protocol IV used YV1 and YV3 primers and amplified the expected 1.43-kb fragment from freshly prepared DNA from the symptomatic plants (Table 5 and Fig. 9 ). PCR was negative for asymptomatic plants (Table 5 and Fig. 9 ), E. coli, Serratia marcescens, Pantoea ananatis, S. citri, selected soilborne fungal pathogens of cucurbits, and bacteria cultured from symptomatic or asymptomatic plants (Table 3) .
DISCUSSION
In a previous study to determine the etiology of YVD, structures similar to BLOs were consistently observed in the phloem of symptomatic plants, but not in asymptomatic plants (5) . In this study, a bacterial 16S rDNA sequence was consistently associated with symptomatic plants, but was absent from asymptomatic plants. The strong association suggests that the sequence is from the YVD BLO observed by electron microscopy (5). The identification of this sequence provides a useful diagnostic tool for the detection of YVD-affected plants.
Initial amplification of a 0.153-kb fragment in the symptomatic plants using the citrus-greening BLO primers indicated that these primers differentiated plants affected by YVD from nonaffected plants. However, they are not useful for routine identification of YVD-affected plants, because they amplify a similar fragment in other bacteria. In addition, the amplification of disease nonspecific fragments by this protocol may complicate the use of this protocol for diagnosis. The similarity of the 0.153-kb sequence to a segment of the E coli gene encoding threonine deaminase was the first molecular indication that prokaryotic DNA was present in symptomatic plants.
PCR protocol II, using primers that amplify the 16S rDNA from prokaryotes and chloroplasts, reliably amplified a prokaryotic 16S rDNA from YVD-affected plants. Amplification with these primers of a prokaryotic 16S rDNA from diseased plants is a characteristic of BLO-associated diseases such as citrus greening (20) and papaya bunchy top (11) . Although the protocol II primers also amplified a rDNA from plastids, the plastid DNA could be distinguished from the prokaryotic DNA by the susceptibility of the amplified DNA to digestion with BclI and the distinctive fragments resulting from EcoRI digestion. Thus, only plastid DNA was amplified from templates from asymptomatic plants, while both a plastid DNA and prokaryotic DNA were amplified from symptomatic plants. The resistance of the 1.5-kb fragment amplified in the symptomatic plants to Bcll, and the cleavage of the fragment into 0.7-and 0.9-kb fragments with EcoRI, confirmed that this fragment corresponded to prokaryotic 16S rDNA.
The 99% identity of the sequences of BclI-resistant PCR fragments from DNA of symptomatic plants to one another and to the cloned 1.5-kb fragment indicated that these 16S rDNAs were all amplified from the same organism. The low sequence identity between the 1.5-kb, BclI-resistant band from symptomatic plants and the 1.5-kb band from asymptomatic plants indicated that amplification of prokaryote DNA occurred only in the symptomatic plants. Database searches confirmed that the BclI-resistant band was from prokaryote 16S rDNA and the Bcll-sensitive band was from chloroplast 16S rDNA .
Based on data from the current study, the 16S rDNA amplified and sequenced from diseased cucurbits belongs to the YVD BLO. The presence of gamma-3 nucleotide signatures in the 16S rDNA of the YVD BLO and the high identity (70 to 96%) with 16S rDNA sequences of the gamma-3 proteobacteria indicate that the YVD BLO is likely a gamma-3 proteobacterium. The 16S rDNA sequences have often been used as indicators of the evolutionary relationship of proteobacteria (30) . In this case, the data indicate that the YVD BLO is closely related to Serratia marcescens and only distantly related to the citrus-greening BLO. Wells and Raju (31) reported that six fastidious xylem-limited bacteria associated with diseases in different plants were quite similar based on fatty acid composition, but they were distinctly different from known plant-pathogenic bacteria. However, Jagoueix et al. (20) determined that the citrus-greening BLO belonged to the α subdivision of the proteobacteria, which includes both plant and animal bac- terial pathogens. The relatedness of the YVD BLO with the enterobacteriaceae suggests that the YVD BLO evolved from a group of bacteria associated with eukaryotes. Several 16S rDNAs with high similarity to the YVD BLO 16S rDNA corresponded to uncultured, unidentified bacterial symbionts of invertebrates, including a gamma-3 proteobacterium parasite of the leafhopper, Euscelidius variegatus (9) (Fig. 7) . Insect transmissibility is a common characteristic of BLOs (19, 25) . To date, experiments to determine insect transmissibility of the YVD BLO have been inconclusive, but previous research demonstrated that the rate of disease development and incidence were reduced by insecticide treatment (6). Duthie et al. (15) reported that the YVD was not binomially distributed but aggregated, a pattern consistent with insect transmission.
The three primers (YV1, YV2, and YV3) designed for this work were useful for identification of YVD-affected plants and differentiation between symptomatic and asymptomatic plants. The failure to obtain PCR products from the bacteria cultured from either symptomatic and asymptomatic plants indicated that the primers did not cross-react with bacteria commonly found in watermelon or squash plants, so the presence of these bacteria in the tissue of cucurbit plants does not interfere in PCR detection of the YVD BLO. The negative PCR results with selected BLO, bacteria, and fungi also confirmed the specificity of the primers, suggesting that PCR can be used for detection of YVD-affected plants and perhaps prevent misdiagnosis of the disease. Failure to obtain the 0.64-kb fragment with protocol III with the BLOs tested indicated that the YVD BLO is different from the citrus-greening BLO, the prokaryote that causes papaya bunchy top, the BLO that causes marginal chlorosis of strawberry, and Xylella fastidiosa. The phylogenetic analysis confirmed the distinction between the citrus-greening BLO and the YVD BLO.
The reason that fresh DNA was necessary for amplification using the YV1-YV3 primers in protocol IV, but not using YV1-YV2 primers in protocol III, was not determined. It may be that some sequences of the fragment required for the amplification of the 1.433-kb band degraded easily, but that this degradation does not affect the template required for amplification of the 0.64 kb fragment with protocol III.
Serratia marcescens and Serratia plymuthica have been reported as endophytic bacteria in root and stem tissue of sweet corn and cotton (23) . However, cross-reaction of primers YV1-YV2 with Serratia marcescens when using protocol III should not be a serious problem. The Serratia marcescens 0.64-kb fragment can be distinguished from the YVD BLO fragment by digestion with AluI, since their restriction patterns differ (data not shown). Although protocol IV did not amplify a product from Serratia marcescens DNA, protocol III is recommended for detection of YVD-affected plants, because the latter is more rapid and less expensive. To obtain a positive reaction with protocol III, only 1 U of Taq polymerase per 100 µl of reaction, 100 µM dNTPs, and 25 cycles of amplification were required, and previously frozen DNA could be used. Protocol IV required 2 U of Taq polymerase per 100 µl of reaction, 30 to 35 cycles of amplification, and 200 µM dNTPs, and worked only with freshly isolated DNA.
Preliminary studies, in which PCR was done on samples from different tissues of symptomatic watermelon plants, indicated that primers YV1-YV2 can also amplify DNA from complete crown tissue, xylem, or cortex. Amplification was always strongest in the phloem and barely detectable in the cortex or xylem (data not shown). The use of phloem DNA assures the highest titer of the YVD BLO.
Our results indicate that PCR amplification of a 0.64-kb fragment using protocol III can be used as a reliable method to detect the YVD BLO in cantaloupe, watermelon, and squash. Although the causal agent of YVD has not been cultured and transmission of the agent has not been accomplished, the results from this investigation demonstrated that a gamma-3 proteobacterium was consistently associated with affected plants. These findings support the consistent observations of BLOs in the phloem of symptomatic cantaloupe, squash, and watermelon plants (5) . This is the first report of a gamma-3 proteobacterium associated with BLO diseases. Additional work is currently underway to transmit the YVD agent, and if possible, to complete the steps of Koch's postulates. 
